Human T-cell leukemia virus type 1 (HTLV-1) is the causative agent of adult T-cell leukemia (ATL), whereas the closely related virus HTLV-2 has not been associated with such malignant conditions. HTLV-1 Tax1 oncoprotein transforms a rat fibroblast cell line (Rat-1) much more efficiently than does HTLV-2 Tax2. By using a differential display analysis, we isolated MAGI-3 as a Tax1-inducible gene in Rat-1 cells. Reverse transcription-polymerase chain reaction (RT-PCR) analysis confirmed that Tax1 induced MAGI-3 in Rat-1 cells. MAGI-3 has multiple PDZ domains and interacted with Tax1 but not Tax2 in 293T cells. The interaction of Tax1 with MAGI-3 was dependent on a PDZ domain-binding motif, which is missing in Tax2. The interaction of Tax1 with MAGI-3 altered their respective subcellular localization, and moreover, the interaction correlated well with the high transforming activities of Tax1 in Rat-1 cells relative to Tax2. MAGI-3 mRNA and the allied MAGI-1, but not MAGI-2, were expressed in HTLV-1-infected T-cell lines. Our results suggest that the interaction of Tax1 and MAGI-3 alters their respective biological activities, which may play a role in transformation by Tax1 as well as in the pathogenesis of HTLV-1-associated diseases.
Introduction
Human T-cell leukemia virus type 1 (HTLV-1) is the causative agent of adult T-cell leukemia (ATL) (Hinuma et al., 1981; Poiesz et al., 1980; Uchiyama et al., 1977) . HTLV-1 is also tightly linked to the development of several chronic inflammatory diseases such as HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/ TSP) (Gessain et al., 1985; Osame et al., 1986) . A limited number of viral genes have been detected in HTLV-1-infected peripheral blood mononuclear cells in vivo. tax1 is such a gene, and accumulating evidence has shown that Tax plays crucial roles in the persistent infection of HTLV-1 in vivo as well as the pathogenesis of HTLV-1-associated diseases (Sugamura and Hinuma, 1993) . For instance, Tax immortalizes primary human T-cells in the presence of interleukin 2 (IL-2) (Akagi and Shimotohno, 1993; Grassmann et al., 1992) . Transgenic mice carrying the tax gene developed fibrosarcoma, large granular cell leukemia, and several inflammatory diseases such as arthritis and an exocrinopathy (Green et al., 1989; Grossman et al., 1995; Iwakura et al., 1991; Nerenberg et al., 1987) .
Tax1 was originally identified as a transcriptional transactivator of the HTLV-1 gene, thereby being essential for the efficient replication of HTLV-1 in infected cells (Felber et al., 1985; Seiki et al., 1986; Slamon et al., 1984; Sodroski et al., 1984) . Subsequent studies have shown that Tax1 has multiple activities (Yoshida, 2001) . It activates the transcription of several cellular genes associated with cell growth, such as protooncogenes, genes encoding cytokines, cytokine receptors, cell-cycle regulators, and anti-apoptotic proteins (Akagi et al., 1996; Ballard et al., 1988; Cross et al., 1987; Iwanaga et al., 2001; Maruyama et al., 1987; Mori et al., 2002; Santiago et al., 1999; Yoshida, 2001) . Moreover, Tax1 modulates the activities of several cell-cycle regulators such as p53, p16INK, and MAD1 (Akagi et al., 1997; Jin et al., 1998; Pise-Masison et al., 1998; Suzuki et al., 1996) .
HTLV type 2 (HTLV-2) is an HTLV-1 allied virus, and it was originally isolated from a cell line established from a Tcell variant of hairy cell leukemia (Chen et al., 1983) . HTLV-2 has not, however, been reported to be associated with ATL or leukemias with such a malignant nature (Sugamura and Hinuma, 1993) . HTLV-2 may also be associated with the development of HAM/TSP, but the incidence is very low (Hjelle et al., 1992) . Nevertheless, HTLV-2 transforms primary human T cells with efficiency similar to that of HTLV-1 in vitro. Thus, knowledge of how these two similar viruses determine distinct outcomes will provide fundamental insights into the initiation of malignant transformation and HAM/TSP.
HTLV-2 also encodes a transforming protein, Tax2. Tax2 exhibits more than 70% amino acid identity to Tax1 (Slamon et al., 1984) and has been shown to exhibit indistinguishable activities to those of Tax1. Recently, however, we identified an activity clearly distinct between the two Tax proteins (Endo et al., 2002) . Tax1 and Tax2 in a rat fibroblast cell line (Rat-1) induced transformed colonies in soft agar (CFSA), and the activity of Tax2 was much lower than that of Tax1 (Endo et al., 2002) . These results suggest that the high transforming activity of Tax1 relative to Tax2 plays a role in the high pathogenicity of HTLV-1.
Accumulating evidence indicates that the activation of cellular genes by Tax1 is crucially involved in HTLV-1 pathogenesis. For instance, Tax1 mutants defective for nuclear factor-kappaB (NF-nB) activation lose transforming activity toward Rat-1 cells (Matsumoto et al., 1997; Yamaoka et al., 1996) . The aim of the present study was to identify Tax1-inducible genes in Rat-1 cells. We isolated MAGI-3 as one such gene. MAGI-3 has multiple PDZ domains, and interacted with Tax1 but not Tax2 in a human embryonic kidney cell line. We discuss the roles of multiple PDZ domain-containing proteins in transformation as well as in the pathogenesis of HTLV-1-associated diseases.
Results

Identification of MAGI-3 as a differentially expressed gene in Rat-1 cells transformed by Tax1
To isolate genes induced by Tax1 in Rat-1 cells, we performed differential display analysis using poly(A)+ RNA preparations from Rat-1 cells transformed by Tax1 and a parental Rat-1. One of the PCR fragments derived from differentially expressed mRNA was recovered from the gel and reamplified by PCR (Fig. 1A) . The amplification product was cloned into the pBluescript plasmid. The cloned cDNA fragment (286 bp) was characterized by DNA sequencing. The sequence thus obtained was compared with the nucleotide sequence database at the National Center for Biotechnology Information using the BLAST algorithm. The search revealed that the cDNA fragment had 100% sequence homology to rat MAGI-3 (GenBank accession number: AF255614).
The induced expression of MAGI-3 in Rat-1/Tax1 cells relative to Rat-1 was verified using reverse transcription- (A) The RNA preparations from Rat-1 and Rat-1/Tax1 were subjected to differential display analysis. The amplification products were separated by polyacrylamide gel electrophoresis. A cDNA fragment (indicated by an arrowhead) representing a differentially expressed mRNA was identified as MAGI-3 by DNA sequencing. (B) Total RNA was prepared from Rat-1 cells (lane 1) and Rat-1/Tax1 cells (lanes 2 and 3). The RT-PCR products amplified from the isolated total RNA were size-separated on a 2% agarose gel and stained with ethidium bromide. The sample (lane 3) was heated to inactivate reverse transcriptase before the RT-PCR reaction. The amplified product from the b-actin transcript indicates a similar amount of RNA used for the RT-PCR assay. The experiments were repeated three times to confirm reproducibility. An arrowhead indicates specific products from MAGI-3 and the b-actin transcript. (C) The cell lysate was prepared from Rat-1 cells (lane 1) and Rat-1/Tax1 (lane 2), and the amount of Tax protein in each cell lysate was measured by Western blot analysis using an anti-Tax1 antibody. Arrows indicate the Tax proteins recognized by the antibodies.
polymerase chain reaction (RT-PCR) analysis. The RT-PCR fragment of expected size was detected in Rat-1/Tax1 cells only in the presence of reverse transcriptase, but the fragment was not amplified from parental Rat-1 cells (Fig.  1B) . Induction of the MAGI-3 transcript was also detected in other Rat-1/Tax1 cells (data not shown). Western blot analysis using anti-Tax1 antibody detected the Tax1 protein in Rat-1/Tax1 cells but not Rat-1 cells (Fig. 1C) . On the other hand, two commercially available anti-MAGI-3 antibodies did not detect MAGI-3 protein in Rat-1/Tax1 cells. These results showed that Tax1 upregulates the MAGI-3 transcript in Rat-1 cells.
We also investigated the expression of MAGI-3 in various human T-cell lines, including HTLV-1-infected cells. Northern blot analysis detected the MAGI-3 transcript in Rat-1/Tax1 cells, but not in any of the human T-cell lines tested (Fig. 2) . Therefore, we performed more sensitive RT-PCR analysis to analyze the expression of MAGI-3 in human T-cell lines (Fig. 3) . The MAGI-3 transcript was detected in all human T-cell lines, and its expression level did not differ among the cell lines tested. Anti-Tax1 antibody detected Tax1 protein in two HTLV-1-infected T-cell lines but not in the other uninfected cells. MAGI-3 belongs to a membrane-associated guanylate kinase (MAGUK) family. Among the family members isolated, MAGI-1 and MAGI-2 are the closest relatives to MAGI-3. Thus, we examined the expression of MAGI-1 and MAGI-2 in the human T-cell lines used above. In addition to MAGI-3, MAGI-1 was detected in all the human T-cell lines tested and its expression level was similar in infected and uninfected T-cell lines. On the other hand, MAGI-2 was undetectable in these T-cell lines under the present conditions. DNA sequencing analysis confirmed that the amplified fragments in human T-cell lines detected by RT-PCR analysis were indeed MAGI-3 and MAGI-1 (data not shown). These results indicated that MAGI-3 and MAGI-1, but not MAGI-2, are expressed in various human T-cell lines including HTLV-1-infected cells, and that Tax1 does not constitutively upregulate their expression.
MAGI-3 binds to Tax1 through PBM
MAGUKs are multidomain proteins composed of three protein interaction motifs known as PDZ domains, a Src homology 3 domain, and an enzymatic inactive guanylate kinase-like domain. Several PDZ domain-containing proteins including the Drosophila tumor suppressor Dlg have been shown to interact with Tax1 (Kiyono et al., 1997; Lee et al., 1997; Rousset et al., 1998; Suzuki et al., 1999) , and the interaction correlated with the transforming activity of Tax1 in Rat-1 cells (Hirata et al., in press ). Therefore, we next examined whether MAGI-3 interacts with Tax1. We included HTLV-2 Tax2B in this assay because Tax2B cannot interact with Dlg, and this incapability correlates with the reduced transforming activity relative to Tax1 in Rat-1 cells (Hirata et al., in press ). The transforming activities of Tax1, Tax2B, and their mutants are summarized in Table 1 (Hirata et al., in press ). The TaxDC gene contains the C-terminal 4-amino-acid deletion in Tax1, thereby removing the PBM motif (T/SXV) (Fig. 4A ). The Tax2B+C gene has an additional 10 Tax1 amino acids containing PBM at the C-terminus of Tax2B. In addition, we used substitution mutants of Tax1 PBM, at amino acids 351 and 353, in the context of Tax1 and Tax2B+C. A c-Myc epitope tag was introduced at the Cterminus of MAGI-3 (pCB7/MAGI-3-Myc) to facilitate easy detection in mammalian cells. The expression plasmids encoding various tax plasmids, as well as pCB7/ MAGI-3-Myc, were transiently transfected into the human embryonic kidney cell line (293T) by the lipofection method (FuGENE 6). Tax1 and Tax2B proteins in the lysates prepared from the 293T cells were immunoprecipitated with anti-Tax1 and anti-Tax2B antibody, respectively, and the amounts of MAGI-3 in the precipitates were analyzed by Western blot. MAGI-3 was specifically detected in the immune complex of Tax1, whereas it was undetectable in the immune complex of TaxDC, Tax351A, and Tax353A (Fig. 4B) . This was not due to the reduced expression of MAGI-3 and mutant Tax proteins in 293T cells transfected with the mutant tax1 plasmids because similar amounts of the MAGI-3 and mutant Tax proteins were detected in these cells. Unlike Tax1, Tax2B precipitated little MAGI-3, whereas the latter was efficiently precipitated by Tax2B+C (Fig. 4C ). MAGI-3 was also immunoprecipitated by Tax2B351A and Tax2B353A, but the amount was much lower than that by Tax2B+C. These results indicated that Tax1 but not Tax2B can interact with MAGI-3 in 293T cells, and that such interaction requires Tax1 PBM.
Colocalization of Tax1 with MAGI-3
To further establish the interaction of MAGI-3 with Tax1, their subcellular localizations were examined by immunofluorescent analysis. In 293T cells transiently transfected with the indicated expression plasmid, MAGI-3 protein alone was detected diffusely in the cytoplasm, while the Tax1 protein alone was mostly detected in the nucleus of 293T cells and exhibited speckled or diffuse staining (Fig. 5) . These two proteins colocalized in 293T cells and they were mostly detected in the perinuclear region and the cytoplasm as speckled staining. The respective Tax1 mutant alone was detected in the nucleus of 293T cells in a pattern identical to that of Tax1. The localization of TaxDC was not obviously altered by the coexpression of MAGI-3. Tax353A exhibited minimal colocalization with MAGI-3 and the colocalization level was lower than that of Tax1. Taken together, these results indicated that Tax1 colocalizes with MAGI-3 in 293T cells and that the interaction is dependent on the PDZ domain-binding motif in Tax1. The results also indicated that Tax1 and MAGI-3, through their interaction, alter their respective subcellular localizations. On the other hand, Tax351A colocalized with MAGI-3, but nevertheless MAGI-3 protein was not coimmunoprecipitated with Tax351A (Fig. 4B) . These results suggested that Tax351A interacts with MAGI-3 in 293T cells, but such interaction is below the level of detection in the co-immunoprecipitation assay used in the present experiment.
MAGI-3 increases the expression of Tax1
Stable tax-transfected Rat-1 cells expressed Tax protein more than TaxDC or the PBM mutants used above (Hirata et al., in press ). These results suggested that the PDZ domain-containing protein(s) enhance the expression of Tax1 protein in Rat-1 cells. Thus, we next examined whether MAGI-3 increased the expression level of Tax1 protein in 293T cells. Coexpression of MAGI-3 increased the amount of Tax1 protein in 293T cells although its coexpression did not increase the amount of TaxDC, which did not interact with MAGI-3 (Fig. 6) . This was not due to the inefficient expression of MAGI-3 protein in the presence of TaxDC in 293T cells because an equivalent amount of MAGI-3 protein was detected in cells transfected with the tax1 or the mutant plasmids. Similar to TaxDC, MAGI-3 did not increase expression of Tax353A, which also did not interact with MAGI-3. On the other hand, the amount of Tax351A was enhanced by coexpression of MAGI-3, although the level was less than that of Tax1. This enhancement is explained by the interaction of Tax351A with MAGI-3 protein in the immunofluorescent analysis shown in Fig. 5 . These results suggested that MAGI-3 increases the steady-state levels of Tax1 protein in a PBMdependent manner.
Transcriptional activation functions of Tax and the mutant proteins
Tax1 and Tax2B activate the transcription of HTLV-1 gene as well as those of several cellular genes with nB element(s). We next investigated the involvement of PBM in these Tax functions. The 293T cells were transfected with the plasmid encoding Tax1, Tax2B, or their mutant proteins together either with the luciferase gene regulated by HTLV-1 long terminal repeat promoter or that with the nB enhancer. Consistent with the previous studies, Tax1 and Tax2B activated the expression of luciferase gene from HTLV-1-LTR-luc as well as that from kB-luc plasmid in a dose-dependent manner, although the deletion of PBM from Tax1 (TaxDC) and the addition of this motif to Tax2B (Tax2B+C) little affected their activities (Figs. 7A and B) . These results indicated that the Tax1 PBM is not involved in the transcriptional activation functions of Tax1 against HTLV-1 LTR as well as the nB enhancer in the present assay condition. We also examined whether MAGI-3 modulated the transcriptional activation function of Tax1. MAGI-3 minimally affected the luciferase expression activated by Tax1 as well as TaxDC (Figs. 7C and D) . These results also indicated that the Tax1 PBM does not regulate the transcriptional activation function of Tax1.
Discussion
Using differential display analysis, we identified MAGI-3 as a gene induced by Tax1 in Rat-1 cells. RT-PCR analysis confirmed that Tax1 upregulates the expression of the MAGI-3 transcript in Rat-1 cells (Fig. 1) . On the other hand, upregulation of MAGI-3 in HTLV-1-infected relative to HTLV-1-uninfected cells was not observed, although the MAGI-3 transcript was detected in HTLV-1-infected cell lines. Thus, at this time, we have no evidence that Tax1 induces the expression of MAGI-3 in T cells, which are a major reservoir for maintaining HTLV-1 latent infection in vivo. The present study, however, does not exclude the possibility that Tax1 under certain conditions induces MAGI-3 in HTLV-1-infected cells, such that Tax1 together with other activation signals may induce MAGI-3 expression.
The induction of MAGI-3 by Tax1 in Rat-1 cells suggested that MAGI-3 is an inducible gene, although stimuli that induce MAGI-3 other than Tax1 are unknown at present. Tax1 activates the transcription of cellular genes through multiple enhancers including the nB element, c-AMP-responsive element-like sequence, AP-1 site, and the CArG box (Yoshida, 2001) . Thus, these enhancer elements are candidates to regulate MAGI-3 transcription.
In the colony formation assay for Rat-1 cells in soft agar, Tax1 showed higher transforming activity than Tax2, and the PBM in Tax1 was a factor responsible for the high activity relative to Tax2 (Table 1, Hirata et al., in press ). The present results showed that Tax1 but not Tax2 directly interacted with MAGI-3 in 293T cells, and that the interaction was mediated by the Tax1 PBM. Considered together, these results suggest that MAGI-3 is a candidate to contribute to the high transforming activity of Tax1 relative to Tax2. To clarify such involvement of MAGI-3, we attempted several times, but failed to establish Rat-1 cells expressing exogenous MAGI-3 protein by plasmid transfection. Thus, the involvement of MAGI-3 in Tax1-dependent transformation is unknown at present.
Tax1 activates the transcription of many cellular genes through NF-nB and this activity plays crucial roles in the CFSA activity of Tax1 using Rat-1 cells (Matsumoto et al., 1997; Yamaoka et al., 1996) . The Tax mutants showed that the Tax1 PBM plays minimal role in the transcriptional activation of Tax1 through NF-nB as well as HTLV-1-LTR (Fig. 7) . Thus, the Tax1 PBM augments CFSA activity of Tax1 through the mechanism distinct from the activation of cellular genes through NF-nB.
Previous studies showed that Tax1 was detected in both the cytoplasm including the perinuclear region and the nucleus of some cell lines, but mostly in the nucleus of others (Bex et al., 1997) , indicating that the cytoplasmic localization of Tax1 protein is cell-type dependent. In the present study, immunofluorescence analysis showed that MAGI-3 alters the subcellular localization of Tax1 from the nucleus to the cytoplasm and the perinuclear region (Fig. 5) . Thus, MAGI-3 and its other family members may be factors that regulate the perinuclear and cytoplasmic localization of Tax1 in a cell-type-dependent manner.
The E6 proteins from the high-risk human papillomavirus types have been shown to interact with PDZ domain-containing proteins including MAGI-3 and Dlg, and the interactions are well correlated with their transforming activities toward fibroblast cell lines (Kiyono et al., 1997; Lee et al., 1997) . While Tax1 alters the subcellular localization of MAGI-3, E6 induces its proteasome-mediated degradation. These results suggest that MAGI-3 may be a common target for these viral oncoproteins in malignant transformation, although the alteration mechanisms of MAGI-3 proteins by Tax1 and E6 seem to be different.
All the human T-cell lines tested, in the present study, including HTLV-1-infected cells, expressed MAGI-3 mRNA (Fig. 3) . These results suggest that Tax1 interacts with MAGI-3 in HTLV-1-infected cells and can alter the respective protein functions, which may be involved in the transformation of T-cells and the persistent infection of HTLV-1 in T-cells. In addition to MAGI-3, MAGI-1 mRNA but not MAGI-2 was detected in the T-cell lines. Because the amino acid sequence of PDZ domains of MAGI family members is well conserved, it is likely that Tax1 also interacts with MAGI-1. Further analysis is required to establish the role of multiple PDZ-domain proteins, including MAGI-3, in transformation and the pathogenesis of HTLV-1-associated diseases.
Materials and methods
Cell lines
Rat-1 and 293T cells were a rat fibroblast cell line and a human embryonic kidney cell line, respectively. The Rat-1/ Tax1 cell line (RbT-5) is derived from Rat-1 and expresses the Tax protein (Sakurai et al., 1999) . These cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum (FBS) and antibiotics. Jurkat, HUT78, H9, CEM, and MOLT-4 are HTLV-1-negative T-cell lines (Mori et al., 1999; Sugamura et al., 1984) . MT-1, MT2, MT4, HUT-102, SLB-1, and C5/MJ are HTLV-1-infected human T-cell lines (Mori et al., 1999; Sugamura et al., 1984) . These T-cell lines were cultured in RPMI1640 supplemented with 10% FBS and antibiotics. Plasmids tax1, tax2B, and their respective mutant genes were cloned into the plasmid pHhAPr-1-neo that has a b-actin promoter for protein expression in mammalian cells and the neomycin-resistance gene as a selection marker (Matsumoto et al., 1997) . The Tax2B plasmid was kindly provided by Dr. William W. Hall at University College Dublin, Ireland (Lewis et al., 2000) . pCB7/MAGI-3-Myc is a mammalian expression plasmid encoding mouse fulllength MAGI-3 fused in-frame with a c-Myc epitope. HTLV-1-LTR-luc is a luciferase expression plasmid regulated by the HTLV-1 long terminal repeat promoter. kBLuc is a luciferase expression plasmid regulated by the nB element of the IL-2 receptor a-chain gene and the minimal HTLV-1 promoter. pGK/h-gal is an expression plasmid of h-galactosidase and is used to normalize the transfection efficiency.
Differential display analysis
Differential display analysis was carried out as described previously (Liang et al., 1994) . Poly(A)+ RNA was extracted from Rat-1/Tax1 and Rat-1 cells using OligotexdT30 chromatography (TAKARA, Kyoto, Japan). From this poly(A)+ RNA, first-strand cDNA was synthesized with the 3Vprimer (T12MN) by a reverse transcriptase (SuperScript, Invitrogen, Carlsbad, CA) . Then, using the first-strand cDNA preparation as a template, a PCR reaction was carried out in PCR buffer (20 AM dNTP, 0.2 AM 5Vprimer, 1 AM 3V primer, 0.1 U Taq DNA polymerase, and 0.5 Al a32P-dATP or 35S-dATP). The PCR conditions used were 1 cycle at 94 jC for 90 s, followed by 40 cycles of 94 jC for 30 s, 40 jC for 2 min, and 72 jC for 1 min, and finally 1 cycle of 72 jC for 5 min. The 3V primer (T12MN) was 5V -TAAGCTTTTTTTTTTTTTMN-3V , and the 5V primers were random 10-mers divided into 20 groups as described previously (Liang et al., 1994) . The amplified fragments were loaded onto an acrylamide gel and autoradiographed. The bands of interest were excised from the frozen gel. DNAs in the bands were extracted by the crush and soak method and amplified using the same PCR conditions. The cDNA fragments were cloned into pBluescript using a TA cloning kit (Invitrogen) and characterized by DNA sequencing.
Northern blotting
Total cellular RNA was extracted with Trizol according to the protocol provided by the manufacturer (Invitrogen).
Total RNA (20 Ag) was electrophoresed through a formaldehyde-agarose gel and transferred onto a nylon filter. Filters were incubated in the prehybridization buffer (0.5 M sodium phosphate, 0.1% bovine serum albumin, 7% SDS, 100 g/ml salmon testis DNA, and 100 g/ml yeast RNA) for 2 h at 65 jC and then hybridized overnight with the [ 32 P]-radiolabeled MAGI-3 probes (mouse full-length MAGI-3 cDNA). Radiolabeled probes were generated using the Megaprime DNA labeling system (Amersham, Arlington Heights, IL).
RT-PCR
Total RNA was isolated from Rat-1/Tax1 cells, Rat-1 cells, and human T-cell lines with ISOGEN (Nippon-gene, Toyama, Japan), according to the instructions supplied by the manufacturer. RT-PCR analysis for the MAGI-3 transcript was performed using 2 Ag of total RNA and ReadyTo-Go RT-PCR Beads (Amersham Pharmacia Biotech, Uppsala, Sweden). An oligo d(T) primer was used for the reverse transcription step, and the conditions were 42 jC for 30 min and 95 jC for 5 min. The PCR conditions were 95 jC for 1 min, followed by 35 cycles (Rat-1 cells) or 45 cycles (human T-cell lines) of 95 jC for 1 min, 54 jC for 1 min and 72 jC for 1 min, and finally 1 cycle of 72 jC for 7 min. The primers used for RT-PCR were 5V -TGCCCTA-GAAGGTGAAGTTG-3V and 5V -GACTCTTCAAATGTGG-CAGC-3V for rat MAGI-3, 5V -AACCACTGGACTAGCAG-GGT-3Vand 5V -AATGTCGCAGGTCCTTGTTC-3Vfor human MAGI-1, 5V -CGTGATCAAACACCAAGG-3V and 5V -CTCTTCCGTTTTCCTTCAGC-3Vfor human MAGI-2, and 5V -TCTATGGAACTCCCAAGCCT-3Vand 5V -CACAGTCTT-CAGGGGCTTTG-3Vfor human MAGI-3. The b-actin-specific primers were purchased from Promega (Madison, WI). The RT-PCR conditions for b-actin were 42 jC for 30 min and 95 jC for 5 min for RT, and 1 cycle of 94 jC for 2 min, 25 cycles of 94 jC for 30 s, 65 jC for 1 min, 68 jC for 2 min, and finally 1 cycle of 68 jC for 7 min for PCR. RT-PCR was carried out using a GeneAmp PCR system 9700 (Applied Biosystems, Foster, CA).
Western blotting
The tax and pCB7/MAGI-3-Myc plasmids were transiently transfected into 293T cells by the lipofection method (FuGENE 6). At 24 h after the transfection, the cells were lysed in sample buffer [50 mM Tris -HCl (pH 6.8), 2% sodium dodecyl sulfate (SDS), 10% glycerol]. Protein concentrations of the cell lysates were measured using the DC protein assay kit (Bio-Rad laboratories). The cell 1ysate was further treated with 6% 2-mercaptoethanol and heated at 95 jC for 5 min. Then, the resultant lysates were size-separated by electrophoresis under reducing conditions in an 8% polyacrylamide gel with SDS and the proteins in the gel were electronically transferred onto a polyvinylidene difluoride membrane. The membrane was incubated with Block Ace (Dainippon Seiyaku, Osaka, Japan) for 1 h at room temperature to inhibit nonspecific binding and further incubated with respective antibodies. After washing with TBS-T [10 mM Tris -HCl (pH 8.0), 150 mM NaCl, and 0.05% Tween 20], membranes were further incubated with either anti-mouse or anti-rabbit immunoglobulins conjugated with horseradish peroxidase (Bio-Rad Technologies, Richmond, CA). Proteins in the membrane recognized by the antibodies were visualized using the ECL Western blotting detection system (Amersham Biosciences, Piscataway, NJ). Antibodies used were mouse anti-Tax1 monoclonal antibody (TAXY-7) (Tanaka et al., 1991) , rabbit anti-Tax2B polyclonal antibody (Lewis et al., 2000) , and mouse anti-Myc epitope tag monoclonal antibody (Clontech, Palo Alto, CA).
Co-immunoprecipitation assay
The tax and pCB7/MAGI-3-Myc plasmids were transiently transfected into 293T cells by the lipofection method (FuGENE 6). At 48 h after transfection, the cells were treated with lysis buffer [25 mM Tris -HCl (pH 7.2), 150 mM NaCl, 1.0 mM EDTA, 1% Nonidet P-40 (NP-40), 1.0 mM phenylmethanesulfonyl fluoride (PMSF), 20 Ag/ml aprotinin, 1.0 mM Na 3 VO 4 , and 1.0 mM NaF]. After centrifugation, the supernatant was immunoprecipitated with anti-Tax1 antibody and protein G -sepharose (Zymed Laboratories Inc., San Francisco, CA) for 3 h at 4 jC. Proteins bound to the sepharose were washed four times with the lysis buffer free of PMSF and aprotinin. The amounts of Tax1 and MAGI-3 proteins in the precipitates were analyzed by Western blot using anti-Tax1 and antiMyc epitope antibodies, respectively.
Immunofluorescence analysis
293T cells were cultured overnight on 8-well culture slides (Becton Dickinson Labware, Bedford, MA). The cells on the slides were then transiently transfected with the tax plasmids together with the pCB7/MAGI-3-Myc plasmid by the calcium phosphate precipitation method. At 24 h after transfection, cells were fixed and permeabilized with 2% paraformaldehyde and 0.1% NP-40 in 0.1 M phosphatebuffered saline (PBS) for 5 min at room temperature. After washing with PBS, the fixed cells were incubated with 3% bovine albumin for 1 h and then incubated with serum from a HTLV-1 carrier containing a high antibody titer against Tax1 and anti-Myc antibody (BD Biosciences Pharmingen) for 1 h at room temperature. After washing, the cells were further incubated with tetramethylrhodamine isothiocyanate (TRITC)-labeled anti-mouse IgG (Immunotech, Marseille, France), fluorescein isothiocyanate (FITC)-labeled antihuman IgG (Immunotech) and with 1 Ag/ml of Hoechst33258 for 1 h at room temperature. Stained cells were examined under an inverted microscope (Axiovert200) equipped for epifluorescence (Carl Zeiss, Oberkochen, Germany).
Transient transfection and luciferase assay
The 293T cells were seeded at 10 5 cells per 6-well plate and cultured overnight. They were then cotransfected with the tax and pGK/h-gal plasmid (as an internal control) together either with HTLV-1-LTR-luc or kB-Luc plasmid by the lipofection (FuGENE 6) method according to the instructions provided by the manufacturer (Roche Molecular Systems, Inc., Branchburg, NJ). Cell lysate was prepared from transfected cells and the activity of luciferase as well as h-galactosidase in the lysate was determined. The activity of luciferase was normalized to that of h-galactosidase.
